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Purpose/Objective: As a part of the Radiotherapy (RT) 
process, CBCT-scans are acquired on a daily basis, so as to 
place the patient at the reference position of the computed 
treatment plan: This positioning is done through rigid image 
registration with the simulation CT-scan. The golden standard 
of algorithms for the registration of 3D images are inherently 
iterative and based on the value of the voxels. In the context 
of 2D images, it is now well known that rigid registration can 
be dramatically improved and accelerated by detecting, then 
matching highly informative spots in the images that are 
known as 'landmarks.' [LDM]. Our goal is to transpose this 2D 
approach to real-world 3D medical imaging by introducing 
novel, automated algorithms for LDM detection in 3D images. 
Materials and Methods: We propose to exploit machine 
learning to automate LDM detection. From a set of training 
images of a given modality where LDMs have been manually 
located, a regression model is trained that can predict the 
distance of any point in a new image to the (unknown) 
position of the LDM. Randomized Trees are used as the 
model, as they have shown to be very efficient in many 
computer vision tasks. On a new image, the position of the 
LDM is then predicted as the point with the closest predicted 
distance. Input features to describe a LDM are the values of 
its neighboring voxels in 3D. We performed our study using 51 
pairs of pelvis CT and CBCT from 29 patients, where we 
manually annotated 8 LDM in each modality. Two detection 
models were built: one for the CT and one for the CBCT 
modality. For each patient, we detected the position of each 
LDM using a model trained from the images of the 28 
remaining patients, then we performed rigid registration 
accross modalities using these LDM through simple linear 
algebra. The accuracy of both LDM detection and registration 
was then evaluated and averaged over the 29 patients. 
Registration accuracy is measured by the averaged distance, 
over all 8 LDM, between the (true) position of the LDM in CT 
and in CBCT after registration.  
Results: The mean accuracy of our LDM detection was 
between 4.5 and 6 voxels for CBCT, and between 2.9 and 3.3 
voxels for CT (IC 99%). We explain this difference by the 
higher resolutions of our CBCTs, whose voxel size is 
1x1x1mm, whereas typical CT resolution is 1.6x1.6x5mm. 
Low voxel resolution makes the detection easier, but gives 
less information concerning LDM position. Registration 
accuracy was between 4.42 and 5.26mm with manually 
annotated LDMs and between 7.92 and 9.59mm (IC 99%) with 
automatically detected LDMs. Given the detection results, we 
argue that a large part of this error comes from the low 
resolution of the images: A 2-voxels error on the CT can 
result in an error >10mm.  
Conclusions: In this work, a novel rigid registration algorithm 
for 3D multimodal medical images is introduced. It is based 
on LDM detection using machine learning. Our first results are 
very promising given the low resolution of our test images.  
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Purpose/Objective: Radiotherapy with curative intent for 
non-smallcell lung cancer (NSCLC) is hindered by side effects 
such as radiation-inducedpneumonitis. Functional imaging 
techniques such as ventilation/perfusion (V/Q)images allow 
visualization of lung function. This work investigates the role 
ofdeformable image registration (DIR) in repeat 4D PET V/Q 
imaging for assessmentof changes in lung V/Q due to 
radiotherapy in NSCLC.  
Materials and Methods: 4D PET V/Q with co-registered 4DCT 
images were obtained prior to, during and post-radiotherapy 
for five NSCLC patients receiving 60 Gy in 30 fractions. Rigid 
registration and DIR were used to register all V/Q images to 
the treatment planning scan and dose distribution. Contours 
and corresponding anatomical features in the CT component 
of each V/Q scan were outlined on all CT images. The 
registration from rigid and DIR techniques was used to warp 
the V/Q data and contour/anatomical feature data to the 
planning CT scan. The accuracy of the contour propagation, 
anatomical feature mapping was measured, and the effect of 
the different registrations on the functional image was 
determined. 
Results: DIR improved the image registration accuracy as 
based on contour and corresponding feature mapping 
accuracy for the pre- and mid-treatment images. Table 1 
shows reduction in the registration error of corresponding 
features for these images. For post-treatment images, the 
registration accuracy improvements were not as significant 
with DIR. This was due to DIR inaccuracies in regions subject 
to structural changes such as fibrosis and loss of tumour 
mass. There was no improvement in quantification of changes 
in lung function with DIR (Figure 1). 
Conclusion: DIR for mapping 4D PET V/Q image data from 
pre-, mid- and post-treatment time points showed improved 
registration accuracy with the exception of regions where 
structural lung changes such as fibrosis and large tumour 
regression are apparent. In these situations, uncertainties 
with DIR outweigh any benefit in functional response 
assessment. More advanced DIR algorithms taking non-
conservation of mass into account may be of more use in 
these situations. The utility of DIR remains however for mid-
treatment images in which the structural changes of the lung 
are not as severe. 
Table 1: Registration error in mm between corresponding 
anatomical features with rigid and DIR when mapping from 
each pre-, mid- and post-treatment image to the planning CT 
scan. 
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Figure 1: Loss in perfusion as a function of radiotherapy dose 
for each patient and averaged over all patients. 
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Purpose/Objective: To evaluate the reliability of a 
framework for correlation of dose distribution (DD) and 
Magnetic Resonance (MRI) information related to long term 
neurocognitive outcome in pediatric patients (pts) focally 
irradiated for primitive malignant brain tumors. Image 
registration during oncological therapy is a difficult task, 
which becomes even harder when there is a large gap 
between acquisition times of successive scans. 
Materials and Methods: The main challenges of the workflow 
were the fusion of CT on a morphological MRI acquired at the 
time of the treatment (MR0) and the fusion of MR0 with the 
revaluation morphological MRI (MR1) and functional diffusion 
tensor imaging (DTI) acquired 3 to 10 years after RT. As a 
pilot study CT and DD were collected for 18 pediatric pts who 
completed RT at least 3 years before revaluation. CT and DD 
were registered to MR0, following a multi step process made 
of rigid registrations. The registered images were further 
matched with MR1 through a global (affine) and a local (free 
form deformation based on b–spline) deformation using 
mutual information as similarity metric. A similar approach 
was used for the functional registration. The alignment was 
scored by a neuroradiologist, a radiotherapist and a medical 
physicist by drawing contours of regions of interest (ROI) on 
the source images. The ROIs were deformed using the 
deformation field estimated by the registration procedure 
and superimposed to their target images, thus making the 
evaluation possible. By applying this framework it was 
possible to map the DD and the DTI maps on a common space 
defined by the MR1 for the subsequent statistical evaluation. 
A brain atlas was registered on MR1 by rigid and non rigid 
registrations in order to label white matter regions of 
interest. Correlation of white matter regions, DD and DTI 
maps was then achievable. Neurocognitive tests were made 
to evaluate cognitive and psychological features and 
executive functions of the pts. Statistical analysis is being 
performed. 
Results: For the CT-MR0 registration the average score 
obtained was 2.27 (being 0 the score assigned to the perfect 
alignment and 5 to the worst one. 3 was considered 
sufficient), while the MR0-MR1 fusion obtained 1.47; and DTI-
MR1 fusion 1.1. Concerning the statistical analysis, 
preliminary results indicate a correlation between dose 
values and fractional anisotropy values obtained from DTI 
maps for the frontal superior lobe left and right, the right 
anterior cingulum and right putamen. 
Conclusions: Our multi step registration process was able to 
account for different positions of the patient during the 
radiological studies and even for patient growth. The low 
score obtained for CT-MR0 registration was mainly due to the 
poor quality of older CT images. This image registration study 
represents the backbone of a larger clinical study that will 
also include prospective pts to correlate DD to functional 
neurocognitive damages.Partially founded by Associazione 
Italiana per la Ricerca sul Cancro (AIRC) 
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Purpose/Objective : Head and Neck patients undergoing 
radiotherapy treatments generally present many 
reconstructed teeth p metal implants generating artifact 
during CT acquisition. This leads to a poor image quality and 
impossibility to clearly delineate target and organs at risk. 
This work evaluated the accuracy of a new Metal Artifact 
Reduction (MAR) algorithm recently released (GE Healthcare) 
to increase image quality in this challenging condition. 
Materials and Methods: A CT of a dental arcade phantom 
build with reconstructed teeth was acquired in different 
conditions on a GE Optima CT580 CT simulator. First image 
was obtained without any metal crown but with some teeth 
fill with a cement containing Zinc Oxide (ZnO: 5.6 g/cm3) 
and Barium Sulphate (BaSO4 :4.5 g/cm3) (Case 1). A second 
one with metal prosthesis including 2 teeth prosthesis in 
Chrome Cobalt (CrCo: 8.5 g/cm3) and 3 in Nickel Chrome 
(NiCr: 8,4 g/ cm3) was realized (Case 2). Hounsfield Unit 
